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METHODS OF MAINTAINING THE FERTILITY 0"^ LAND IN ORCHARDS.

Bt Wm. Saundkiw, LL.D, F.RS.C, Dirbctok of Dominion Expbrimrntal Farms.

It is always a source of great pleasure for me to be with you at your annual meet-
ings. I look back with very much intereaL to my early connection with this Fruit Grow-
ers' Association. It may not be known to many of you that I was one of the earliest

directors. I believe I was made a director shortly after I was made a member. The
difficulty in getting directors in those days arose partly from the fact that they had to
pay their own expenses and hotel bills, and in the early times, before we had any Gov-
ernment grant or any endorsation whatever from the public authorities, the work of the
Association wbls carried on mainly through the individual efforts of the members who
took an interest in it. I think it mast be about thirty years ago when I first had the
honor of occupying the position of a director of this Association, associated with my old
friends Arnold and Dempsey, and others who have passed away since then to the better

land. When the Government proposed to take into its care the Fruit Growers' Asso-
ciation under the Agricultural Act, and give it an annual grant—I think the first annual
grant was S400 or $500—we thought a great feat had been accomplished. At that
time, from lack of funds and having no journal or annual report to bring our work before

the Canadian public, it was naturally carried on with much difficulty. Still we were all

enthusiastic in it, we all put our shoulders to the wheel and worked moat harmon-
iously together for the common good, and from those early beginnings this Association

has gradually grown to its present position of prominence and importance. 1 mention
those early matters to show what a strong link there is which holds me to this Associa-

tion, and the reason why I always take such a pleasure in being present with you. I had
the honor for five or six years of being president of the Association, and during that time
did all I rould to further the interests of the work ; indeed, I was occupying that honor-

able position at the time I was appointed to my present office as Director of Experi-

mental Farms, and had to resign in order to take the work I am now carrying on. My
sympathies have always been and still are with the fruit growers and horticulturists of

this country quite as strong as with the agriculturists, and I am very glad to have the

opportunity of bringing before you to-day a subject which I hope will prove helpful to

you, that is, to put in a clear common sense sort of way—so that every farmer can
understand it—what should be added to the soil in order to replace those elements which
are taken from it in the growing of fruit. ^

It is the chief aim of all intelligent cultivators of the soil, whether engaged in rais-

ing cereal or fodder crops or fruit, to so treat the land as to secure satisfactory crops and
at the same time maintain the fertility of the soil so that good crops may be continued

indefinitely.

Formation and Nature of Soils.

All soils are the result of the disintegration of rocks by the forces of nature, and the

intermixture therewith of organic matte: resulting from the decay of animal and vege-

table remains. Soils vary much in fertility partly owing to ditlerenoe in the composition

of the rocks from which they have been formed, partly to their mechanical condition and
texture and also to the variable proportion of organic matter they contain. These varia-

tions are commonly distinguished by special terms, such as clayey, loamy, sandy or

gravelly soils, indicating the materials which form the larger proportion of their bulk,

The productiveness of a soil also depends partly on its power of holding water and of

drawing supplies of moisture from below. Water, which in the soil is usually more or

less charged with carbonic acid gas is the universal solvent which nature employs to con-

vey food to the rootlets of plants. A good loamy soil will hold much more moisture than

either clay or sand, and hence usually produces better results in cultivation.

Stores of Fkrtilitv in Soils.

All soils contain more or less plant food in a soluble form, which is immediately

available for the use of growing plants. On the other hand there is always a large pro

portion of the elements cf fertility which exist in the soil in a comparatively insoluble



form, which can only be made available gradually by thorough cultivation of the land

and exposing its particles to the beneticiai action of the air. By thorough working, the

power which the soil has of retaining moisture may be increased and the loss of water by

evaporation from its surface lessened. Soil is nature's great storehouse of fertility in

which is laid up treasures more valuable to national life than gold. There are many
minera.1 constituents in every soil, and quite a number of these are taken up by living

plants, but in most instances the quantities used are smail, and the store laid up in the land

ample. There are, however, three ingredients which plants take in comparatively large

proportions from the "oil, which must in some measure be restored to it if its fertility is

to be maintained, these are nitrogen, potash and phosphoric acid. All arable lands con-

tain these important ingredients, and usually in considerable proportions.

It is estimated that an acre oi' soil a foot deep weighs on an average 3,500,000

pounds, and that good ordina.y loam in Europe will contain, on an average, not less than

3,500 })ound8 per acre ot nitrogen, and sometimes more than that. The quantity of

potash in the same area usually ranges from 6,000 to 8,000 pounds, and of phosphoric

acid from 3,000 to 6,000 pounds.

From the analyses of soils which have been made by Mr. F. T. Shutt, Chemist of the

Experimental Farms, during the past few years, many of them representinii large areas, it

would appear that the soila of Canada compare favorably with those of ?^urope in their

richness in those important constituents. Those analyzed from different parts of Eastern

Canada have average per acre as follows : nitrogen 6,200 ponnde, potash 6,500 pounds,

phosphoric acid 3,600 pounds, while the average of those examined from the Northwest
plains give over 10,000 pounds per acre of nitrogen, 10,500 ptands of potash, and 5,000
pounds of phosphoric acid.

Elements Appropkiated for the Production ok Apple Wood.

Trees during their s,'rowth take a very large part of their substance from the air. The
carbon dioxide or carbonic acid gas which animal life everywhere is constantly exhaling

is absorbed by the leaves of plants and trees and converted into woody tissue and starchy

and saccharine material so necessary for the food ot animals. If you burn a piece of apple

tree wood weighing 100 pounds you find as a result less than two pounds of ashes, 1.29%.

The combustible joatter destroyed with the exception of a small proportion of nitrogen

llhs all been taken from the air. These ashes include all the mineral matter taken from

the soil, and are said to contain about twelve per cent, of potash and about four

and a half per cent, of phosphoric acid, with a much larger proportion of lime. On
this basis an apple tree would take from the soil for the production of 100 pounds weight

of its wood less than two and a half ounces of potash, about one ounce of phosphoric

acid, and probably not more than five or six ounces of nitrogen.

Constituents of Apple Leaves,

Let us next consider the constituents of the leaves which, however, are eventually

nearly all returned to the soil by their fall and gradual decay. The leaves of several var-

ieties of apple trees have been analyzed by the Chemist of the experimental farms at

different stages of their growth with the following results. Gathered on the 25th of May,
when they were scarcely fully expanded, each 100 pounds contained an average of about

welve ounces of nitrogen, a little more than four ounces of potash, and less than four ounces

of phosphoric acid. The mature leaves collected on the 20th September wore found to con-

tain a somewhat larger percentage of nitrogen and potash and a smaller proportion of

phosphoric acid, aVjout fourteen ounces of nitrogen, six ounces of potash, and three ounces

of phosphoric acid, with fourteen ounces of lime in each 100 pounds of leaves.

Composition of the Frdit.

The fruit of the apple consists mainly of juice, which forms more than eighty per cent
of its weight, and when this is expressed we have a residue which cider makers call pomace,
composed of the compressed cellular structure of the fruit with the cores, seeds and skin
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with some of the Uavoring material. The.juice consists of water with tnilic i*?id varying

in proportion in ditierent varieties of apples from one quarter to one and a quarter per

cent., and .sugar from six to twelve per cent., with a little flavoring material. Kvery
thing in the juice excepting the water is compounded by the tree from the gasog taken

from the air, and hence there is no drain on the .^oil in the formation of this material.

In the pomace will be found the cores and seeds and these latter are rich in

nitrogen, and the formation and maturing of the seed is a considerable tax on the vital

forces of the tree. For this reason heavy crops are much lesu trying to the vigor of the tree

if the fruit be thinned. The fruit produced is thus improved in size and quality, and the

capacity of the tree for future production economized. Apple pomace contains in every

100 pounds about four and a half ounces of nitrogen, two ounces of potash and less than
one-t'nrd of an ounce of phosphoric acid.

Having considered the composition of the wood, leaves and fruit of the tree, we
.shall next consider how much of the fertilizing constituents referred to are taken from
the soil in bringing the tree to maturity and in the annual production of the leaves and
fruit. Suppose we estimate the weight of the trunk and branches of the trf* at 1,000
pounds—which is only a rough guess—and that we have thirty such trees planted thirty-

eight by thirty-eight feet on an acre, these will have taken from the soil to produce their

wood growth from three to four pounds per tree of nitrogen, (ninety to one hundred and
twenty pounds in all) and not more than twenty-five ounces of potash and ten ounces of

phosphoric acid, equal to about forty-six pounds of the former and eighteen pounds of the

latter per acre. This includes all of these important fertilizers which are taken from the

soil for the entire growth of the woody structure of the trees on one acre of orchard.

The Lkaves.

I know of no basis on which an estimate of the weight of leaves on an apple tree

can V)e founded. It will servo our present purpose however to roughly place them at

ICO pounds. On this calculation thirty trees will draw annually from the soil about
twenty-four pounds of nitrogen, nine pounds of potash and seven pounds of phosphoric

acid, with about eighteen pounds of lime. Since however as already remarked the leaves

are always allowed to fall on the ground, where they gradually decay and are most of

them returned to the sail, it would be a lib<^ral estimate to allow one-half of the

ingredients taken as lost to the land.

TuK Fruit.

Supposing the thirty trees per acre in the orchard to produce an annual crop of

six barrels per tree of 130 pounds each, or 180 barrels, 2.'5,400 pounds per acre, there

would l>e taken from the soil for the growth of the fruit crop to maturity about thirteen

pounds of nitrogen, six pounds of potash, and less than one pound of phosphoric acid.

Tue Waste and How it May bk Kkturned.

In estimating the total withdrawal of fertilizing constituents from the soil as the

amounts are small, we may venture to add to the annual drain on the land for the

growth of the leaves and fruit, one-tenth of the quantities rcijuired for the entire growth
of tne woody portion of the trees, as follows ;

For ,*, of the total growth of the w..od

For the Wiwto of half the annual prowth of the leaves

For the annual waste in the production of the fruit . .

.

Total

Nitrogen. Pntanh.

llw. «/..

12

12 ..

13 ..

37 ..

lllH. OX.

1 10
4 8

6 ..

1.5 2

piii>m)orio

acid.

lbs. ot.

1 11

3 H

1 ..

ti a
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All the ingrc'dientH taken from the land may be replaced by the use of barn-yard

manarc, each ton of which of average quality contains while in the fresh condition from
eight to ten pounds of nitrop;en, ten to fifteen pounds of potash and from six to eight

pounds of phosphoric acid. If the manure has been rotted under favourable conditions

the proportions of the fertilizing constitntents will be somewhat increased. A dressing

of about fifteen tons of manure every three years would more than restore the full qaantity

of nitrogen and more than three times the quantity of potash and phosphoric acid

which has been taken from the land. It must however be borne in mind that the active

feeding roots of the trees do not cover thf; entire ground and that they must find all that

they require within the area of their distribution hence the return should be liberal.

Nitrogen may be more economically applied by the plowing under of green clover.

A fair crop of this sown in the .spring and plowed under late in the autumn will give

to the soil from 100 to 150 pounds of nitrogen, and if left on the orchard as a cover crop

and plowed under the following spring, from eighty to 100 pounds per acre This crop

will also gather potash from the soil and subsoil and present it in available form for the use

of subsequent crops to the extent of 100 to 150 pounds per acre and phoshoric acid from
thirty to thirty-five pounds. The nitrogen which the clover crop supplies to the soil is

taken largely from the air and the fruit grower thus obtains assistance from nature in his

endeavours to maintain the fertility of his land. An unlimited store of this valuable

element exists in the air which is composed of four parts by weight of nitrogen with one
part of oxygen and clover in common with other leguminous plants, has the power of

taking in and storing this element in its tissues. This work is said to be done through the

agency of colonies of bacteria located in the small call-like swellings, so common on the

roots of thrifty growing clover plants. The roots of clover extend ever a wide area and
penetrate to a great depth in the subsoil and they are thus able to draw upon supplies of

plant food lying beyond the reach of other crops and in this way this plant acts as a perma-
nent enricher of the soil. A careful study of the root system of red clover, has shown that

plants one month old have roots extending seven inches into the grouad that at two
months some of the roots had reached a depth of two feet, and at four months to a depth

of four to five feet. In addition to the gain of the fertilizers referred to, the organic

matter in the roots and tops of the clover plowed under, improves the texture of the soil

and makes it more retentive of moisture. The growing clover also acts as a catch crop

during the summer and autumn and appropriates the nitrogenous fertilizers which are

brought down by the rain and which when falling on bare ground, on account of their

rfudy solubility pass through the soil and are lost in the drainage waters.

Nitrogen may also be conveniently given in the form of nitrate of soda. This occurs

in large beds in Peru, and other parts of South America, mixed with common salt and
earthy matter from which it is extracted and purified. Each 100 pounds furnishes about

fifteen and a half pounds of nitrogen to the soil. The quantity usually recommendsd is

from 100 to 200 pounds per acre. As this salt i.s very soluble and easily wasted by leach-

ing, it should always be used as a top dressing, and it is more economical to divide the

quantity to be used into two or three portions and apply them at intervals of one or two
weeks.

Sulphate of ammonia is another source of nitrogen. It is a product made from gaa
liquors and is more expensive than the nitrate of soda. Each 100 pounds of the sulphate

of ammonia sujiplies twenty pounds of nitrogen to the soil. Other sources of nitrogen are

dried blood which contains from ten to ten and a half per cent., fish waste containing from
eight to ten per cent, and guano,

Sources of Potash.

Probably the cheapest source of potash isunleached wood ashes. These contain from
five to six ])er cent of potash, and about two per cent of phosphate of lime. When leached

they contain the same proportion of phosphate of lime but the proportion of potash^ is

reduced to about one to one and a quarter per cent. Ashes usually contain also a con-

siderable proportion of lime. Large quantities of unleached ashes are still shipped every

year from Canada to the Eastern States where they are sold to farmers at from $13 to

$18 per ton.

i A.
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Kainit is a very important source of potaah. This is a a crude natural potash flalt,

found in large quantities at Strassfurt, in North Germany, lying in beds more than

1,000 feet below the surface. It contains about twenty-two to twenty-three per cent, of

potswsium sulphate, equal to about twelve per cent, of pure potash. This is 8iiid to be

associated with magnesium sulphate, about seventeen per cent, magnesium chloride

about fourteen per cent., and common salt, sodium chloride twenty-seven por cent. The
quantity of this crude salt recommended to be used, is from 300 to 800 pounds per acre.

In another stratum of these valuable potash deposits at Strassfurt, a layer is found con-

sisting mainly of muriate of potash and chloride of magnesium. This is known in

commerce as carnallit and contains about the same proportion of potash as ktiinit. This

deposit ranges from fifty to 150 feet thick, and from it most of the })otash salts of higher

grade are manufactured, such as the muriates and sulphates of pota.sh, each containing

about fifty percent, of potash. Some idea of the importance of these potash deposits may
be formed from the fact that more than 9,000 men are employed as miners ai.d labourers

in connection with the works. The prices at which these potash salts are usually sold

are about as follows, kainit $12 to $15 per ton, muriate of potash 842 to $4" per ton,

and sulphate of potash $42 to $50 per ton.

Sources ok Phosimioric Acid.

Phosphoric acid is the third of the substances referred to as largely used by growing

plants. The chief sources from which this material is obtained are the bones of animals,

mineral phosphate of limo or apatite, and basic slag a waste product formed during the

purification of iron.

The bones of land animals in their fresh condition contain about forty-six per cent, of

phosphate of lime, four per cent, of carbonate of lime, a small proportion about two per

cent, of potash and soda, and forty-eight per cent, of gelatine, fat and water. The gela-

tine contains from three to five per cent, of nitrogen, and the phosphate of lime from
eighteen to twenty-three per cent, of phosphoric acid. The phosphate of lime as it exists

in bones is insoluble in water and, but very slowly soluble in the soil. It is rendered

wholly and quickly soluble when it is treated with sulphuric acid which changes the

phosphate to the superphosphate. Bones may also be reduced by the use of unleached

! ashes, placing the bones whole or coarsely ground in layers in a suitaljle vessel and cover-

1 ing them with layers of ashes mixed with about one-eighth of their weight of freshly

slacked lime and the whole moistened with water. The ashes being rendered still more
caustic by the lime acts on the bones and gradually softens them until they can be

^ N omshed between the fingers to a soap-like mass. When reduced to this condition the

compound may be mixed with dry muck or loam and applied to the land— 100 pounds
of hard wood ashes are said to be sufficient to reduce about 100 pounds of bones.

Phosphoric acid may also be supplied in the form of superphosj)hate of lime niade

from the mineral phosphate. This as supplied by the manufacturers usually contains

from eight to ten per cent, in the lower grades, and thirteen to twenty per cent, of scluble

phosphoric acid in the higher grades.

Thomas' slag, known also as basic slag or odorless phosphate, is a third source of phos-

phoric acid. Many iron ores contain minute quantities of phosphorus which reduces the

quality of the ore. In the manufacture of such iron into steel, the process is so conducted

that a chemical action takes place in the presence of lime at a very high temperature

whereby the phosphorus in the iron is converted into phosphoric acid, and combined with

lime forming a phosphate of lime. This is said to be easily decomposed and rendered

solable by the products arising from decomposing humus in the soil and is thus presented

to the rootlets of plants in a form easy of assimilation, It is stated that the German
factories now turn out about 400,000 tons of this slag annually, and a considerable quantity

is also produced in Great Britain and the United States. The phosphoric acid in this

waste product is said to be present in the proportion of from thirteen to twenty-one per

cent. The slag also contains about fifty per cent, of lime and varying proportions of

oxide of iron, magnesia and silica. It is odorless and tasteless.
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ExHALHTiON Produced ht Oiior'S of Fruit.

The exaauHtion of tho soil seems to be greater in all cases from the production

of the fruit than it is from the growth of the substance of th^ tree or vine. The ashes of

the pear according to Wolff of (ierniany contains a little more than twice the quantity of

potash thai is found in the apple, the proportion of phosphoric acid is also one-third larger.

In the fruit of *'^^ plum the potash is given as a little higher than thpt of the pear, and
the phosphoric acid the same as in that fruit, whereas in the fruit of tho cher-y the pro-

portion of potash is the sHme as that in the pear, and the proportion of phosphoric acid

somewhat larger. It should not be forgotten that in the growing of all these fruits the

drafts on the soil for potash are heavy, and hence this element should bo supplied with a

liberal hand.

It seems when you look at the tigures I have given you that almost any soil, how-
ever poor, ought to continue to grow good crops of apples for a long time, seeing the largo

stores of the elements of fertility which are laid up in the land ; but you must consider

the importance of the point I have already mentioned, that the roots of your trees

occupy only a limited area, that they must take all the material they require from this

limited area ; and hence the importance of treating your soil liberally and regularly with

such things as careful analyses have shown are really taken away from your land, and
which makes the land poorer every season you grow your fruit unless you take the pains

to restore to that land un equivalent.

The peach ranks abo' t with the plum in its consumption of potash but uses twice

the quantity of phosphoric acid, whereas in the production of grares the soil is drawi on
to tho extent of thret; pounds f ^otash, per 1,000 pounda o{ fruit and fourteen ounces of

phosphoric acid. While the 'e uses these elements ot fertility Treely in the pr^Hluc-

tion of its fruit it uses only a^.. at one-fourth I'lis quantity in producing the wood anH
branches.

The raspberry and blackberry are said to consume one- fifth less potash thi'.n that of

the apple for the same weight of fruit, and the strawberry according to the analysis of

Dr. Goessman contains about two pounds twelve ounces of potash for every 1,0C0 pounds
of fruit, and about fourteen ounces of phosphoric acid. The strawberry plant according

to the analysis of the Chemist of the experimental farms consumes about five pounds of

nitrogen, five and three quarter pounds of potash and one and four-tenth pounds of phos-

phoric acid for each thousand pounds weight.

This subject is a very important one, and 1 hope I have made it plain. The soil la

the fruit grower's savings bank. There he has stored a large amount of capital. If

he usf s that capital carefully, if he returns—as he would if he wanted to keep up
*"i8 savings bank balance—something equivalent to the drafts he makes on it, or a

Ui,tle more, instead of having his account grow poorer from year to year, he will liave it

become better and richer, his land will be in better condition to continue to give him goot,'

crops, and considering the enormous productiveness which is attained by this inten-

sive method of agriculture, he can well aflord to deal with the soil in a liberal way,

I thank you for the very kind attention you have given me under such unfavorable con-

ditions of voice. (Applause).


